The term membrane vesiculation is used in this report to denote the occurrence of multiple unions between two cellular membranes lying in close apposition, with the formation first of a double-walled fenestrated layer and ultimately of an array of separate membrane-bounded vesicles. The stages are illustrated in Fig. 1 . The process depicted by these diagrams is essentially the same as that suggested by Tormey (9) to explain his observations on cells of the ciliary epithelium in which the formation of a fenestrated layer from two contiguous membranes was inferred to take place. In the ciliary epithelium, the membranes involved were the cell membranes lining invaginations and interdigitating processes of neighboring cells. Tormey cites other data and work of several other authors, which support the thesis that membrane vesiculation is often to be ascribed to fixation of tissue with osmium tetroxide, glutaraldehyde-fixed tissue usually showing instead intact parallel membranes.
Cell membranes in close apposition in other situations have also been described as undergoing vesiculation. Thus, vesicles considered to have been derived from fused sperm and egg membranes were reported by the Colwins (5) in an electron microscope study of early fertilization in the annelid Hydroides hexagonus. Piko and Tyler (7) believed that the plasma and acrosome membranes in the rat spermatozoon are removed largely by vesiculation, as the spermatozoon passes into the egg. In the bull sperm head illustrated by Saacke and Almquist (8, Fig. 16 ), the row of vesicles arranged about the nucleus appears to have arisen by multiple fusions between plasma and acrosome membranes, and a closely similar change has been seen in a monkey spermatozoon (L. E. Franklin, unpublished data). In these observations on animal gametes, the assumption has been that the changes seen were attributable to a natural process; yet all these authors used osmium tetroxide as fixative, and consequently could have been misled by the production of artifacts. However, data have now been obtained with glutaraldehydefixed tissue which show that extensive vesiculation takes place between plasma and acrosome membranes in the course of the acrosome reaction evinced by hamster and rabbit spermatozoa as they pass through the egg investments.
Information on the mammalian acrosome reaction has been meager at the ultrastructural level. By phase-contrast light microscopy, the occurrence of a change in and apparent detachment of the acrosome in living spermatozoa of several rodents (hamster, Libyan jird, guinea pig, Chinese hamster) were first described by Austin and Bishop (3) FIGUnE 1 Diagrams illustrating inferred stages in the process of vesiculation between two apposed cellular membranes. From the available evidence, it is not certain whether the fourth stage is fully achieved in the sperm acrosome reaction.
as features of sperm penetration into the egg. In rabbit spermatozoa, similar changes could not reliably be observed by light microscopy, but electron microscopy provided evidence that most of the outer membranes and the contents of the acrosome were lacking in spermatozoa that had penetrated into the thickness of the zona pellucida (6) , and the appearance of cells in the perivitelline space indicated that, at this stage of penetration, the anterior part of the head was covered only by the inner acrosome membrane beyond the nuclear envelope (1, 2). The likelihood that acrosome changes in rat spermatozoa involved also the establishment of continuity between plasma and acrosome membranes was inferred by Piko and Tyler (7) . However, the means whereby membrane removal occurred in the mammalian acrosome reaction, and the stage of sperm penetration at which the changes took place, were most imperfectly known.
Observations have now been made on hamster and rabbit spermatozoa which throw light on these problems; they are illustrated by the examples shown in Figs. 2-5 . The sections are of sperm heads lying on or near the outer surface of the zona pellucida. The hamster material came from a preparation set up for fertilization in vitro, as described by Barros and Austin (4) , and fixed with glutaraldehyde; the rabbit spermatozoa were placed in Fallopian tubes 15 hr prior to collection and were subsequently flushed out with the eggs and fixed with glutaraldehyde. Extensive vesiculation has clearly occurred between plasma and outer acrosome membranes, and much of the contents of the acrosome has disappeared (Figs. 2 and 3) . Either the residual contents or an incomplete state of vesiculation appears to be responsible for holding the vesiculated membranes together, and this may well account for the fact that, in living hamster spermatozoa examined by light microscopy, the structural complex referred to as acrosome retained its integrity for a period after the start of the reaction, despite partial detachment from the sperm head (3, 10) .
It is inferred that the acrosome reaction in hamster and rabbit spermatozoa is well advanced by the time the spermatozoon arrives at the zona pellucida and that it involves extensive vesiculation between plasma and outer acrosome membranes. The change seems to overtake all of the outer acrosome membrane except that portion covering the posterior region-the equatorial segment (Figs. 4 and 5) . The significance of vesiculation would clearly relate to the provision of escape ports for the acrosome contents (presumed to include hyaluronidase); gradual release of the enzyme in this way would be appropriate for facilitating the passage of the spermatozoon through the matrix of the extensive granulosa cell layer around the egg. These observations help to establish membrane vesiculation as a normal cytological phenomenon in certain circumstances, and one that can have an important functional role.
